To assess outcomes of health services, providers need brief, responsive, reliable, and valid measures that can be implemented in clinical settings with minimal cost and burden. The Behavior and Symptom Identification Scale (BASIS-32
The instrument was developed and validated among inpatients treated at a private psychiatric hospital and later validated in outpatient and residential settings. 5, 10, 11 Face validity, ease of use, and sensitivity to change following treatment have contributed to its wide use. However, several aspects of the instrument limit its usefulness and applicability across diverse groups. First, the reading level of the instrument is too high for respondents with limited literacy skills. 12 Second, reliability of the impulsive/addictive behavior and psychosis domains does not consistently reach recommended levels for group comparisons (alpha ϭ 0.70). 13 In 4 samples, alpha ranged from 0.65 to 0.71 for impulsive/addictive behavior and from 0.43 to 0.66 for psychosis. 5, 11 Third, confirmatory factor analysis suggests that the factor structure derived from an inpatient sample at 1 facility with a small minority population may not generalize to those treated in ambulatory care settings. 11, 14 Fourth, despite its relative brevity, there is unnecessary redundancy in the instrument. 5 Fifth, development and scoring of the instrument was based on classic test theory (CTT) and did not use methods of item response theory (IRT), which are now used widely in the assessment field. [15] [16] [17] [18] IRT models have several advantages over CTT models for educational, health status, and psychological assessment. 15, 16 First, IRT models estimate an individual's status based on both the individual's responses to questionnaire items and on the properties of those items. 17 Properties of the items are derived by estimating the probability of an individual endorsing each possible response option. In this way items can be calibrated to determine the likelihood of each response option being endorsed. Second, IRT models can be used to evaluate item bias or differential item functioning (DIF) for different sociodemographic subgroups. 19, 20 Third, IRT models can be used to develop computer adaptive tests that can be briefer and more sensitive for assessing individuals with varying levels of symptom difficulty. 21, 22 Earlier work used multiple methods to revise the BA-SIS-32 to overcome its limitations. More than 50 measures of general and mental health status, psychiatric symptoms, substance abuse, social/community functioning, and quality of life were reviewed to identify the optimal range of question stems, response options, wording, and content. [23] [24] [25] Feedback was obtained from 75 researchers, administrators, clinicians, and consumers about the length of the instrument, items that seemed confusing or difficult to answer, the appropriateness of response options, time frame, domains covered, and sensitivity to different racial and cultural groups. Readability analysis was conducted using software for 7 widely used readability formulas and vocabulary lists associated with specific grade levels. 12, 26 Principles of survey and item construction were used to create items that were clear, concise, and simply written. [27] [28] [29] On the basis of these methods, a revised version of the instrument was developed for further readability analysis and cognitive testing, as part of a process for evaluating comprehension of questionnaire items. 30 Two rounds of cognitive interviews were completed at 12 mental health treatment programs in each of the 4 major US census regions. Minority participants were oversampled and comprised 45% of the cognitive interview sample (25% black, 15% Latino, and 5% other nonwhite). After each round of cognitive interviews the instrument was further revised by eliminating or modifying items that were poorly understood. 12, [31] [32] [33] The field test instrument resulting from this work consisted of 36 items written at a 5th grade reading level. Four items were eliminated after the field test because they were not applicable to inpatients. Each item is rated on a 5-point symptom severity or frequency scale. The field test instrument differed from the original BASIS-32 in several ways: item wording was simplified, double-barreled questions (incorporating multiple symptoms in 1 item) were eliminated, response options were varied (most asking about frequency of symptom occurrence), items unlikely to apply to many respondents (for example, school or work functioning) were replaced with more broadly applicable items, items that were poorly understood were revised or eliminated, and alcohol and drug use items were added. Thus, although many of the constructs represented in the original BASIS-32 were retained, only 3 items from the original instrument appeared in the field test version.
The purpose of this study was to field test the revised instrument, further reduce its length, based on analysis of the field test data, and assess reliability and validity of the final version of the instrument. Factor analytic, classic test theory and IRT modeling were used to create a more efficient, parsimonious instrument.
METHODS

Field Test Sample: Sites
All 235 mental health facilities in the United States that were BASIS-32 site license holders as of October 1, 2000, were eligible for the field test. Each site received a letter informing them about the study and inviting them to participate. All sites with at least 25 adult inpatient admissions or outpatient intakes that agreed to participate within the time frame for beginning data collection were accepted into the study. The research project manager screened interested sites to determine whether they met these criteria. The resulting sample included 13 inpatient and 14 outpatient programs. We particularly encouraged a broad range of sites from all regions of the United States to participate.
Field Test Sample: Patients
The eligible sample was defined as English-speaking adults older than 18 years of age who were admitted for
The BASIS-R Mental Health Scale mental health or substance abuse treatment at 1 of the participating sites during the data collection period. A total of 2696 inpatients and 3285 outpatients completed a field test instrument at baseline. Of these, 33 inpatients and 57 outpatients who completed only the first page of the questionnaire were excluded. Because age and gender were used to impute missing data, individuals missing either of these variables (7 inpatients and 6 outpatients) were excluded, resulting in 2656 inpatients and 3222 outpatients. Patient and facility characteristics are presented in Table 1 .
Procedure
The field test instrument, demographic, and validation items were administered twice, upon admission or intake and in the 24-hour period before discharge (for inpatients) or 4 -8 weeks after intake for outpatients. Validation items included the 12-item Short-Form Health Survey (SF-12), global ratings of mental health and life satisfaction, and categorical questions to assess sources of social support, housing, and engagement in structured activity (work and school), used in previous instrument validation studies. 5, 34 The SF-12, a widely used reliable and valid instrument, assesses physical and mental health status with 2 summary scales: Physical Component Summary (PCS) and Mental Component Summary (MCS). 35 Global ratings of mental health and satisfaction with life were 5-point scales ranging from 0 (poor) to 4 (excellent). Data collection was undertaken by program staff within the context of continuous quality improvement. Verbal consent was obtained from all participants. This data collection process was approved by the institutional review board of the grantee institution and by each participating site. Demographic characteristics, admission and discharge dates, payer, and psychiatric diagnoses including Global Assessment of Functioning (GAF) ratings were extracted from medical records or administrative databases. 34 The GAF (Axis V diagnosis) is a single-item clinician rating scale assessing overall psychological symptoms, social and occupational functioning. 
Test-Retest Reliability Substudy
A test-retest reliability substudy was conducted with a separate sample of 50 inpatients and 45 outpatients at 1 site. Test-retest subjects were a convenience sample recruited by a research assistant who explained the study and obtained written informed consent. These subjects completed the field test instrument at the time of recruitment and again 2-3 days later. Inpatient test-retest subjects did not differ from field test subjects with respect to age or gender. Outpatient testretest subjects were similar with respect to age, but included more females (71%) than outpatient field test subjects (56%, 2 ϭ 4.22, P Ͻ 0.05).
Data Analysis: Overview
All field test analyses reported here were conducted using data collected at admission for inpatients and intake for outpatients. For individuals with multiple assessments due to multiple admissions during the data collection period, one admission was randomly selected for the data analysis, which proceeded in 2 phases. Phase 1 focused on assessing data quality, identifying domains assessed by the instrument and selecting the most informative items from the field test instrument for inclusion in the final version of the instrument. Phase 2 focused on scoring the final version of the instrument, and assessing its reliability and validity.
Data Quality
Item frequency distributions were generated to assess rates of missing data and floor and ceiling effects for each domain. High rates of missing data can identify items that are confusing, difficult to answer, or inapplicable to respondents. Extensive floor and ceiling effects can indicate insensitivity of the instrument to individual differences in symptom levels at the extreme ends of the continuum, or inapplicability of items to the sample.
Imputation of Missing Data
For all participants who completed more than the first page of the questionnaire (at least 19 items), missing ratings were imputed separately for inpatient and outpatient samples. We assumed data were missing at random conditional on age and gender. The missing at random assumption implies that the probability that an observation is missing depends on all the observed data, but not on the unobserved value of the missing data. We used the SAS procedure PROC MI (SAS Institute, Cary, NC) to generate values by modeling the nonmissing items, gender, and age from a multivariate Normal distribution. 36 For each missing value we generated an observation using a Markov Chain Monte Carlo algorithm based on starting values from the expectation-maximization algorithm. Because item responses are ordinal, we rounded the imputed value to the nearest integer.
Determining Factor Structure and Selecting Items for the Final Revised Instrument (BASIS-24)
Because we were interested in creating an instrument that applied across the continuum of symptom severity and level of care, we combined the inpatient and outpatient samples. We then randomly divided the sample into development and validation samples stratified by site. Using the development sample, we performed a principal factors analysis with a Promax (oblique) rotation to identify the domains assessed by the instrument. Oblique rotations are appropriate when the constructs assessed are expected to be correlated. 37 Items with a minimum loading of 0.40 were retained and assigned to the factor on which they had the highest loading. 37 Using the validation sample, we performed confirmatory factor analysis with LISREL to test the fit of the model obtained from the development sample. 38 Using the complete sample, and Parscale software, we then fit a graded response model for each domain identified by the factor analysis. 39 The graded response model is appropriate for polytomous ordered response options, 40 generating item parameter estimates that indicate how well each item discriminates individuals at different levels of the symptom (discrimination parameters), and the symptom level necessary to respond above a particular threshold (response option) with 0.5 probability (between category threshold parameters). From these item parameters, item information curves were generated that summarize the amount of information provided by each item. For inclusion in the final version of the instrument, we selected items with discrimination parameter values Ͼ 1.25, were not highly correlated (Ͻ 0.70) with other items within the domain (for domains containing at least 4 items) and that improved internal consistency reliability of the domain.
Scoring the Instrument
To obtain subscale (domain) scores and an overall summary score, we fit graded response models for each domain, and for the total instrument. These models generated standardized (theta) scores with mean ϭ 0 and SD ϭ 1. To facilitate interpretation of scores, we converted these to T scores (mean ϭ 50 and SD ϭ 10). Higher scores indicate greater symptom/problem levels.
Assessing DIF
Tests of uniform DIF were conducted on the overall summary score to determine if items were biased by age (18 -34 vs. 35 and older). Although we did not hypothesize that DIF would occur for specific age groups, we selected age to examine DIF because of potential for the course of mental disorders across the life span to affect how specific items might function within different age groups. We fitted IRT models using each of the 2 age groups, and compared the parameters. Since large datasets tend to produce significant DIF even when actual differences are small and of little practical significance, we also examined differential test functioning by generating separate IRT model fits for each age group, scoring both groups based on both fits, thus producing 2 sets of IRT severity scores for the whole sample. 41 The correlation between these scores was then examined both graphically and through summary statistics.
Assessing Reliability and Validity of the Instrument
Using the complete field test sample, reliability and validity analyses were conducted separately for inpatient and outpatient samples. A Cronbach alpha was computed to assess internal consistency reliability of each subscale and the total scale. 42 Using the substudy sample, the intraclass correlation coefficient was computed to assess test-retest reliability. 43 Known groups (discriminant) validity was assessed by comparing 2 groups at different levels of care (inpatients and outpatients). These groups were selected because earlier research suggests that instruments validated among inpatients may not be as psychometrically robust for outpatients. 11 We expected inpatients to report higher levels of severity than outpatients.
Construct validity was assessed in 4 ways. First, we compared Pearson product moment correlations between the summary score and similar constructs (other measures of mental health), as well as correlations between the summary score and dissimilar constructs (physical health). 11 We expected higher correlations with other mental health measures (global mental health, life satisfaction and MCS) compared with the PCS.
Second, we examined score differences between diagnostic groups that correspond to particular BASIS subscales. Individuals diagnosed with depressive disorders were expected to report greater difficulty with depression/functioning, those diagnosed with psychotic disorders (schizophrenia, schizophreniform, schizoaffective and other psychotic disorders) were expected to report greater frequency of psychotic symptoms, those with substance abuse disorders were expected to report greater frequency of substance abuse problems, and those with bipolar disorders were expected to report greater emotional lability.
Third, we correlated the number of comorbid diagnoses with the summary score. Up to 3 comorbid diagnostic categories were included: any Axis II diagnosis (personality disorder), substance abuse (when not the primary diagnosis), and any other Axis I diagnosis in a different category from the primary diagnosis. Hypothesizing that comorbidity indicates increased diagnostic complexity or intensity of illness, we expected that the more comorbid diagnoses, the greater self-reported symptom and problem difficulty would be. Fourth, we correlated BASIS scores with GAF ratings extracted from medical records. T-tests were used to assess validity of BASIS scores against dichotomous (yes/no) validation criteria including having sources of social support, high-risk housing arrangements, (homeless, shelter, jail or prison), and engagement in structured activity (employment, school or volunteer work).
RESULTS
Phase I: Data Quality
Rates of Missing Data
The rate of missing data for each item ranged from 1% to 3.3% for inpatients, and from 0.7% to 2.6% for outpatients.
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The BASIS-R Mental Health Scale Seventy-seven percent of inpatients completed all questionnaire items; 19% omitted 1-3 items; and 4% omitted more than 3 items. For outpatients, 81% completed all items, 17% omitted 1-3 items, and 2% omitted more than 3 items.
Floor and Ceiling Effects
For both inpatients and outpatients, all possible response options were endorsed for each item. For each domain, floor effects (worst possible functioning) occurred for less than 5% of inpatients or outpatients. Ceiling effects (best possible functioning) were infrequent for common domains such as depression and functioning, (occurring for up to 7% of outpatients), but were more common for infrequently occurring domains such as self-harm, and psychosis. As expected, outpatients generally had higher rates of ceiling effects and inpatients had higher rates of floor effects.
Factor Analysis
Principal factors analysis of the development sample suggested 6 factors: depression/functioning, interpersonal relationships, psychotic symptoms, alcohol/drug use, emotional lability, and self-harm (Table 2) . Thirty items had loadings Ͼ 0.40 on 1 of the 6 factors; none loaded Ͼ 0.40 on more than 1 factor. Two items (27 and 28) did not load Ͼ 0.40 on any factor. Confirmatory factor analysis conducted on the validation sample yielded a statistically significant 2 ( 2 ͓449͔ ϭ 5494, P Ͻ 0.001). However, because the 2 test of fit is affected by the large sample size, additional fit statistics were examined. 44 The Adjusted Goodness of Fit Index was 0.81, indicating adequate fit to the model. 45 Additional absolute fit indices, which assess the adequacy with which the model reproduces the data, include the root mean square error of approximation and standardized root mean squared residual. 44 These values were 0.08 and 0.06, respectively, indicating adequate model fit. Incremental fit indices, which should have large values indicating that the model accounts for much of the variation in the data, include the Comparative Fit Index and the Non-Normed Fit Index. These values were both 0.95, indicating excellent fit. 44 
IRT Modeling
Graded response IRT modeling generated the item parameter estimates presented in Table 3 for the 6 domains derived from the factor analysis. The self-harm domain presented a particular challenge in having only 2 items; in this situation conventional maximum likelihood analysis produces extreme estimates. To remedy this problem, we imposed a Bayesian prior distribution on the slope parameters, restricting their values to ranges that were consistent with those for the other domains. We imposed a lognormal prior distribution on these parameters, to which we assigned prior mean 0 and standard deviation 0.10 on the log of the slope parameters for the 2 items. This prior was chosen because it suitably restricted the fitted values to reasonable ranges, while allowing variation between the fitted model parameters for the 2 items. Application of a similar prior distribution to the other 5 domains resulted in correlations Ͼ 0.99 with the scores without prior distribution. Since the addition of the priors had so little effect on domain scores when there were more than 2 items, the scores generated without the prior were used for the other domains.
Using discrimination parameter estimates of at least 1.25, and for domains with at least 4 items, eliminating items that were correlated greater than 0.70, 24 items comprising 6 domains were retained in the final version of the instrument (identified with an asterisk in Table 3 ). Of the 8 items that were eliminated, 2 (items 27 and 28) had factor loadings less than 0.40 and discrimination parameters less than 1.25, 4 (items 2, 3, 6, and 17) had correlations greater than 0.70 with other items, and 2 (items 13 and 18) decreased internal consistency of the domain.
DIF
Consistent with the large sample size, significant DIF by age was found on 8 items. For 4 items (managing day-today life, getting along with people in the family, having someone to turn to if you need help, and having problems from drinking or drug use), patients 35 and older reported more problems at the same level of overall mental health, and for 4 items (thoughts racing through one's head, mood swings, feeling short-tempered, and having urges to drink or take drugs), patients younger than 35 reported more problems at the same level of overall mental health. However, differential test functioning analyses confirmed that the item differences were small and cancel each other out when the test is taken as a whole. Scores using IRT parameters fit using the separate age groups had correlations greater than 0.99. The strong linear relationship between the sets of scores suggests that the whole test functions similarly between younger and older patients.
Phase II
Phase II reliability and validity analyses were conducted on the final 24-item version of the instrument.
Reliability
Internal consistency reliability (Cronbach alpha) coefficients for the 6 domains derived from the factor analysis ranged from 0.75 to 0.89 for inpatients and from 0.77 to 0.91 for outpatients. Test-retest reliability coefficients (intraclass correlation coefficients) ranged from 0.81 to 0.96 for inpatients, and from 0.89 to 0.96 for outpatients (Table 4) .
Discriminant (Known Groups)Validity
Consistent with level of care, inpatients reported significantly higher symptom/problem levels than outpatients for all BASIS domains except emotional lability. (Table 5 )
Construct Validity
For both inpatients and outpatients correlations of the BASIS-24 domain and summary scores with MCS ranged from 0.15 to 0.77, and correlations with global ratings of mental health and satisfaction with life ranged from 0.12 to 0.75. Correlations of the BASIS-24 scores with PCS ranged from 0.01 to 0.15 for inpatients, and from 0.06 to 0.28 for outpatients (Table 4) . For inpatients and outpatients, results supported the hypotheses that patients diagnosed with schizophrenia, depression, bipolar disorder or substance abuse would report greater symptom levels on corresponding BASIS-24 domains than patients without these diagnoses (Table 5) .
Correlations between the comorbidity index and the overall BASIS-24 score were 0.15 (P Ͻ 0.001) for inpatients, and 0.27 (P Ͻ 0.001) for outpatients; thus, increased psychiatric comorbidity was associated with greater self-reported symptom/problem severity. Contrary to expectation, there was no significant correlation between the BASIS-24 summary score and GAF rating for inpatients. However, for outpatients there was a significant correlation (r ϭ Ϫ0.25, P Ͻ 0.001), indicating that greater self-reported severity
The BASIS-R Mental Health Scale scores were significantly correlated with greater clinicianrated impairment. Both inpatients and outpatients who reported that they had at least one source of social support reported lower levels of interpersonal difficulties than individuals without any social support, (mean interpersonal score ϭ 51.01 for inpatients with social support and 56.23 for inpatients without social support (t ͓2603͔ ϭ 8.94, P Ͻ 0.001); mean ϭ 47.92 for outpatients with social support and 54.64 for outpatients without social support, t ͓3176͔ ϭ 11.84, P Ͻ 0.001.) Inpa- 
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The BASIS-R Mental Health Scale frequency of psychotic symptoms and substance abuse than outpatients in low-risk housing (data not shown). Both inpatients and outpatients engaged in structured activity reported lower overall scores than those not engaged in structured activity (mean overall score ϭ 51.55 for inpatients with structured activity and 52.57 for inpatients without structured activity (t ͓2633͔ ϭ 2.594, P Ͻ 0.01); mean ϭ 46.69 for outpatients with structured activity and 50.57 for outpatients without structured activity, t ͓3209͔ ϭ 11.31, P Ͻ 0.001.)
DISCUSSION
As health care systems and policies change, the information needed to manage these systems also needs to change. Outcome assessment instruments developed for research purposes are now needed to meet routine quality improvement and performance measurement requirements. 6 Increased demands on clinicians' time call for assessment instruments that yield maximum information with minimal burden, and that are applicable, reliable and valid across diverse populations. 46 , 47 Strauss et al 48 suggest several reasons for revising instruments including updating norms, additional sampling of minorities, and improving item effectiveness and test validity. All of these reasons were factors in the decision to update the BASIS-32.
CTT and IRT methods were used to select the most informative items for inclusion in the final version of the instrument. Uttaro and Lehman used a similar approach to create briefer versions of the Quality of Life Interview. 49 In concert, these methods resulted in increasing reliability over the original BASIS-32 for its 2 weakest domains (psychosis and impulsive/addictive behavior) while simultaneously reducing the length of the instrument by 25%. Internal consistency reliability of the psychosis domain for BASIS-24 reached 0.75 for inpatients and 0.78 for outpatients, compared with 0.43-0.66 for the original BASIS-32. 5, 11 For the substance abuse domain reliability reached or exceeded 0.82 for inpatients and outpatients compared with 0.65-0.71 for the original BASIS-32. 5, 11 The reduced length of the instrument reduces burden on both patients and staff, an important consideration for clinical programs interested in implementing an outcome assessment instrument into clinical practice.
However, results of the field test were not totally as expected. For example, the original BASIS-32 identified separate subscales for depression/anxiety and daily living skills, whereas the revised instrument combined them. On the other hand, the revised instrument identified a new domain, self-harm, which was not in the original instrument. The emergence of self-harm as a distinct factor suggests that these symptoms stand alone, distinct from depression or impulsivity.
Analysis of the field test data was conducted separately for inpatient and outpatient cohorts. However, further work to assess reliability, validity, and differential item functioning of the BASIS-24 for demographic and diagnostic subgroups would also be valuable in determining the utility of the instrument for specific subgroups. Further work to determine the magnitude and importance of DIF, particularly with respect to health status measures, also is important.
Limitations
Although the sample was large and from multiple sites, it may not be a representative sample of treatment sites or individuals receiving mental health services. Not all geographic regions and types of services were equally represented. Another limitation is that we were unable to assess reliability of the GAF clinical assessment, and no other standardized clinical assessment was available. Consequently, we cannot determine whether the lack of relationship between GAF and self-report ratings among inpatients is attributable to poor reliability and/or validity of the GAF ratings. Earlier research using the GAF has reported variable levels of inter-rater reliability ranging from fair to excellent.
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CONCLUSIONS
Item response modeling was useful in identifying items that provided the most discriminating information. Additional advantages of IRT can be realized through the creation of computer adaptive tests, in which items can be calibrated as to level of the symptom assessed. Based on a respondent's answers to the first few items the computer can home in on a more precise level of symptomatology reported by the respondent, and present items just greater than and less than that level. In this way, much more sensitive measures can be developed with fewer items than is possible using a paperand-pencil questionnaire. 21, 22 However, until such computerized assessments become widely available, reliance on static instruments with a fixed number of items will continue. The results of this study support the use of BASIS-24 in clinical settings across diverse samples and levels of care.
